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Use of a Solvatochromic Probe for Study of Solvation in Ternary Solvent Mixture
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Solvation characteristics of 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridino)phenolate in completely miscible ternary
solvent mixtures (viz., methanoet acetone+ water, methanoHl- acetone+ benzene, and methanet
chloroform + benzene) have been studied by using an electronic spectroscopic procedure. The transition
energy E) corresponding to the charge-transfer band maximum of the solute in a ternary solvent mixture
differs significantly from the averagg-values in the component solvents weighted by the mole fraction of
the solvents. A two-phase model of solvation has been invoked to explain the results. The excess or deficit
of solvent components in the local region of the solute molecule over that in the bulk has been estimated

using the knowledge of solvation in binary solvent mixtures.

Introduction have been included in the present study. The solvation charac-
teristics of the solute in binary solvent mixtures containing these
solvents have been reported in the literafi®&. A realistic
model of solvation in a ternary solvent mixture has been
presented to interpret the results. Information about the knowl-
edge of binary solvation involving the solvents as obtained from
the literature has been utilized to analyze the results on ternary
solvation using the model.

The study of solvation in terms of solutsolvent and
solvent-solvent interactions is an important area of solution
chemistry. While the latter interaction is constant in a pure
solvent, the use of mixed solvent provides a means of its
modification by varying the composition of the solvent mixture.
As such, the chemical physics of solvation in solvent mixtures
is a subject of current interekt® Experimental evidence
suggests that the solute may induce a change in the compositio
of the solvation sphere compared to that in the Bulkhe
phenomenon, known as preferential solvation, has been studied A sample of 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridino)-
in recent years for binary solvent mixtures, both experi- phenolate, the indicator solute for tBg(30) scale, was obtained
mentallyt®16 and theoretically/ 2% in terms of solventsolvent from Professor Ch. Reichardt, Marburg, Germany, as a gift.
and differential solute solvent interactions. Addition of a third ~ Methanol, ethanol, acetone, benzene, and chloroform were
solvent component is likely to modify the solvergolvent purified and dried by standard proceduféall of the solvents
interaction in the immediate neighborhood of the solute. were distilled from calcium hydride immediately prior to
Systematic investigation along these lines has not yet been madeexperiment. This ensured the absence of oxidizing impurities
It is therefore instructive to study the modification of the local in the solvent. Triply distilled water was used for the experi-
composition compared to that in the bulk as induced by the ments. Mixed solvents were prepared by carefully mixing the
interactions in a ternary solvent mixture. components by weight. Special care was taken to avoid

Electronic spectroscopy provides a suitable method for contamination by air/moisture during mixing of the solvent
studying solvation interaction. It has been observed that the components. Spectral measurements were taken on a Shimadzu
maximum energyK) of absorption at the charge-transfer (CT) UV2101PC spectrophotometer. Temperature was controlled to
transition in various solutes acts as a reporter of the local 298 + 0.1 K by circulating water from a thermostat. Band
composition around the solute molecule and reflects the selute  maximum was determined by using the peak-finding software
solvent and solventsolvent interactions at the microscopic on the instrument. To check the reproducibility, the position of
level 2 It has been known that the value Bffor the dye 2,6- the band maximum in a particular solvent mixture was measured
diphenyl-4-(2,4,6-triphenyl-1-pyridino)phenolate in a given in a number of replicate measurements. The precision of
solvent (often known as ther(30) value of the solvent) depends  replicate measurement was nm. Concentrations of the solute
dramatically on the solver8:?4In a series of communications, in the solutions were in the range ¥6-10-5 M. The E-value
it has been shown that information about the local composition was calculated from the wavelength maximum according to the
is often obtained in a binary solvent mixture by studying the following formula
Er(30) valueg* In recent communications, we have also
reported preliminary investigations on the solvation of this dye E/kcal mor't = 28 590/¢/nm) (1)
in ternary solvent mixture€:26 The objective of this paper is
to study the role of solutesolvent and solventisolvent
interactions on the solvation characteristics of the dye as

riExperimentaI Section

The inaccuracy oft1 nm in the measurement df leads to
inaccuracy in the value of the energy maximunded.1 kcal

obtained by monitoring thé&r(30) values as a function of -1
solvent composition in ternary solvent mixtures. Three solvent
mixtures, namely, methanet acetonet+ water, methanot Results

acetonet+ benzene, and methanel chloroform + benzene,
The CT absorption band of the solute in the ternary mixture

* E-mail: bsanjibb@yahoo.com. appears broad and structureless. Solvatochromism of the band
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Methanol TABLE 1: The Energy of Band Maximum ( Ej»3) and Other
0.00 ¢ 1.00 Related Parameters as a Function of Solvent Composition of
the Ternary Solvent Mixture Water (1) + Methanol (2) +
Acetone (3) at 298 K for Betaine Dye

X1 X2 E2 Eida A? o 1 (52 (33

020 020 524 576 —-52 —-031 0.09 0.22
0.60 0.20 511 492 1.9 -0.07 025 -0.18
030 030 519 548 —-29 -023 0.14 0.09
040 030 513 527 —-14 -0.17 0.16 0.01
025 050 531 545 -—1. —0.16 0.15 0.01
050 025 50.7 509 -O0. —0.13 0.18 -—0.05
030 020 509 555 —4. —0.28 0.09 0.19
0.30 040 526 541 -—-1. —0.18 0.16 0.02
0.10 045 536 579 —4. —0.28 0.11 0.17

—1.

—1.

—2.

—4.

1.00 . - . . . . y 0- 035 035 516 534 -0.18 0.14 0.04
0.00 0.25 0.50 0.75 1.00 0.45 0.35 52.4 51.3

1 -0.11 025 -0.14
Acetone @) Water 045 025 510 520 -0.15 0.16 -0.01

035 030 51.6 538 -0.19 0.13 0.06

Methanol 015 035 529 57.6 -0.30 0.12 0.18

055 025 50.8 499
0.60 030 50.3 485
0.65 025 502 47.8
0.65 0.10 49.6 48.8
0.70 0.15 493 475
0.70 0.20 499 471
0.75 0.10 48.3 46.8
0.80 0.10 483 457
080 0.15 489 454
020 040 529 56.2
020 060 529 548
0.30 050 523 534
040 010 513 541
0.40 050 524 513

—-0.09 021 -0.12
—0.05 0.21 -0.16
—0.05 0.25 -0.20
—0.06 0.15 -0.09
. 0.22 -0.17
—-0.04 0.27 -0.23
—-0.03 0.16 -—0.13
—-0.01 0.21 -0.20
—-0.01 0.28 -0.27
—-0.25 0.13 0.12
—-0.14 0.07 0.07
—-0.13 0.11 0.02
—0.18 0.07 0.11
1 -0.06 017 -0.11
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(b) Acetone ternary mixture will be as follows
Methanol E,{ideal)= x,E; + %,E, + X;E, (2)

Ei andx; in eq 3 represent the maximum energy of absorption
and mole fraction ofth solvent, respectively. Values &z
(ideal) and its difference frori,3 A, have been listed in Tables
1-3. Note that a significant deviation &) ,3 from the ideal
value has been observed. While the deviation from the ideal
value is always positive for the mixtures metharobcetone

+ benzene and methanslchloroform+ benzene, both positive
and negative deviations have been observed in the case of
methanol+ acetonet+ water system. In our earlier worR;26

we used the following equation to represent the composition

1.00+ . . . T . T . y 0.00 dependence of the solute properBjos in a ternary solvent
0.00 0.25 0.50 0.75 1.00 -
Benzene © Chloroform mixture
c
Figure 1. Composition of ternary mixtures used in the present study: Ei23= Ejpfideal) + Xpoxs(A + Bx + CX)) 3)
(@) = methanol+ acetone+ water; (b)= methanol+ acetone+ ] )
benzene; (c= methanol+ chloroform+ benzene. whereA, B, andC are constants for a particular ternary mixture.

It may be mentioned that similar expressions have been used
is continuous, reversible, and independent of the concentrationPreviously to describe the composition dependence of a property
of the solute in the range studied. The bandwidth and shapein @ ternary solvent mixture in the absence of any sGtte.
practically remain unchanged, and no isosbestic point is In Fhe present case, a}lso, eq 3 represents lthe experimental data
observed in the spectrum. All these facts indicate that the points with the best-fit values of the coefficiens B, andC

shift of band maximum is not caused by a change of equilibria (within an uncertainty limit of ca. 10%) as given in Table 4.
. . T - . Figure 2 shows the computed idolines for the ternary systems.
between different chemical species in solution. Figure 1 shows

. i, X It appears that isa@k lines are closed curves. The area enclosed
the experimental solvent compositions on a triangular plot.

) ) X by the curve decreases as the valué\dhcreases. It appears
Values of maximum absorption energy in a ternary Solvent ynat similar plots are obtained for methanel acetone-+

mixture, Ej5 at various compositions at 298 K have been penzene and methanel chloroform+ benzene systems. The
listed in Tables 3. For an ideal solvation behavior, the value astimated solvent COMPOSItioNKnfethano Xpenzen) Where the

of a solvent-sensitive property of a solute in a mixed solvent deviation from ideality is maximum can be estimated as (0.2,
is supposed to be given by the mole fraction average of the 0.3) and (0.2, 0.5), respectively, for metharblacetone+
property in pure component solved#g® Thus, in an ideal benzene and methane! chloroform+ benzene mixture. For
case, the value of the maximum energy of absorption in a methanoH acetonet water, however, the nature of igoplot
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TABLE 2: The Energy of Band Maximum ( Ej,3) and Other TABLE 3: The Energy of Band Maximum ( E1»3) and Other
Related Parameters as a Function of Solvent Composition of Related Parameters as a Function of Solvent Composition of
the Ternary Solvent Mixture Methanol (1) + Acetone (2)+ the Ternary Solvent Mixture Methanol (1) + Chloroform (2)
Benzene (3) at 298 K for Betaine Dye + Benzene (3) at 298 K for Betaine Dye
X1 X2 E2 Eida A2 (51 (32 X1 X2 E2 Eida A? (31 52
0.20 0.20 47.6 40.4 7.2 0.38 —0.15 0.20 0.20 47.65 39.78 7.87 0.40 0.21
0.20 0.60 48.6 43.5 5.1 0.35 -0.32 0.20 0.60 47.45 41.62 5.83 0.26 0.29
0.30 0.30 48.8 43.4 5.4 0.33 —-0.21 0.30 0.30 48.70 42.42 6.28 0.33 0.13
0.30 0.40 49.4 44.1 5.3 0.34 —-0.27 0.30 0.40 48.62 42.88 5.74 0.29 0.16
0.50 0.25 50.5 47.3 3.2 0.20 -0.16 0.50 0.25 50.12 46.55 3.57 0.19 0.07
0.25 0.50 48.8 43.8 5.0 0.33 —0.29 0.25 0.50 47.89 42.25 5.64 0.27 0.22
0.20 0.30 47.4 41.2 6.2 0.36 —0.22 0.20 0.30 47.65 40.24 7.41 0.36 0.26
0.40 0.30 51.0 455 55 0.33 —0.22 0.40 0.30 49.45 44.60 4.85 0.26 0.08
0.45 0.10 51.0 45.1 5.9 0.30 —0.08 0.45 0.10 49.92 44.77 5.15 0.28 0.07
0.35 0.35 49.6 44.8 4.8 0.30 —-0.24 0.35 0.35 48.83 43.74 5.09 0.27 0.09
0.35 0.45 50.1 45.6 4.5 0.30 -0.27 0.35 0.45 48.88 44.20 4.68 0.24 0.12
0.25 0.45 48.3 43.4 4.9 0.32 —-0.28 0.25 0.45 47.97 42.02 5.95 0.29 0.21
0.30 0.35 48.9 43.7 5.2 0.32 —-0.24 0.30 0.35 48.51 42.65 5.86 0.30 0.15
0.35 0.15 48.7 43.3 5.4 0.28 —0.11 0.35 0.15 49.16 42.82 6.34 0.34 0.11
0.25 0.55 48.9 44.2 4.7 0.32 —-0.29 0.25 0.55 47.87 42.48 5.39 0.26 0.20
0.30 0.60 49.7 45.7 4.0 0.28 —0.26 0.30 0.60 48.41 43.80 4.61 0.23 0.14
0.25 0.65 49.6 44.9 4.7 0.32 —0.29 0.25 0.65 47.57 42.94 4.63 0.22 0.19
0.10 0.65 46.0 41.7 4.3 0.31 -0.31 0.10 0.65 45.67 39.67 6.00 0.21 0.52
0.15 0.70 48.2 43.2 5.0 0.34 -0.32 0.15 0.70 47.10 40.99 6.11 0.25 0.39
0.20 0.70 48.5 44.3 4.2 0.29 -0.27 0.20 0.70 47.14 42.08 5.06 0.22 0.28
0.10 0.75 46.6 42.5 4.1 0.28 —0.28 0.10 0.75 45.45 40.13 5.32 0.18 0.48
0.10 0.80 46.3 42.8 35 0.24 —-0.23 0.10 0.80 45.89 40.36 5.53 0.18 0.53
0.15 0.80 47.6 43.9 3.7 0.36 —0.32 0.15 0.80 46.68 41.45 5.23 0.20 0.39
0.40 0.20 49.0 44.7 4.3 0.24 -0.14 0.40 0.20 49.64 44.14 5.50 0.29 0.11
0.60 0.20 49.9 49.1 0.8 0.07 -0.10 0.60 0.20 50.92 48.50 2.42 0.13 0.04
0.50 0.30 50.3 47.7 2.6 0.17 -0.17 0.50 0.30 50.16 46.78 3.38 0.18 0.06
0.10 0.40 45.4 39.7 5.7 0.35 —0.26 0.10 0.40 45.93 38.52 7.41 0.30 0.49
0.50 0.40 51.3 48.5 2.8 0.19 -0.18 0.50 0.40 49.94 47.24 2.70 0.15 0.03
025 025 481 419 62 035 -018 . .
0.25 0.35 48.4 42.6 5.8 035 —0.24 In keal mol™.
0.45 0.45 50.8 47.8 3.0 0.21 -0.19 .
0.35 0.10 48.4 42.9 55 0.10 -0.08 TABLE 4: Values of A, B, and C for Different Ternary
0.15 0.15 46.6 38.9 7.7 0.39 -0.12 Solvent Mixtures
0.25 0.20 48.0 41.5 6.5 0.35 -0.15 -
020 015  47.4 400 7.4 038 -0.12 solvent mixture A B ¢
0.30 0.10 48.0 41.8 6.2 0.31 -—0.08 acetonet methanoH- water —519 914 445
0.10 0.15 45.4 37.8 7.6 0.38 -0.11 acetonet methanoH benzene 656 —295 992
0.40 0.40 50.2 46.3 3.9 0.26 —0.23 chloroform+ methanok benzene 279 326 —540
0.55 0.20 50.6 48.0 2.6 0.16 —0.13
8'% 8'%8 ég'i ig'g ig 8'%2 _8'% librium distribution of the solvent molecules between the local
0.35 0.30 49.1 44.4 4.7 0.28 —0.20 and the bulk phases will be determined by the criterion of
0.25 0.15 477 41.1 6.6 034 -0.12 minimum Gibbs free energyd) of the solute-solvent system.
0.10 0.10 45.0 37.5 7.5 037 —0.08 If Ni* andN; are the number of solvent moleculesithf type in
0.20 0.10 46.4 39.6 6.8 0.34 —0.08 . .
0.45 025 49.8 46.2 36 022 -017 the local and the bulk regions, respectively, @éor the system
0.65 0.20 51.1 50.2 0.9 0.12 —0.10 is given by the following expression
0.15 0.10 46.1 38.5 7.6 0.37 —0.08
0.40 0.35 49.7 45.9 3.8 0.25 -0.22

G= [NlLfle + NzLeszL + NsLessL] + [NlL(N1L - 1)611L/2 +
N,"(N," — L)epn /2 4+ Nyt (Ng" — 1)ega /2 4+ Ny "Nybey +

is different. In this case, two regions are clearly distinguished.  N,"N,"€,3" + N,"N3 €5, 4 [Ny (N; — 1)e;1/2 + Ny(N, —

The wate_r-nch region (N) is (_:haract_enzed by a negative value 12 + Ny(Ng — 1)e5572 1+ NyNoey, + NoNgeps +

of A, while for the acetone-rich region (P), the value/ofis L L L L L

positive (Figure 2a). The changeover from the negative to the  N3Ni€eyz = {KTIN[(N;~ + Ny~ + Ng7)I/(N;IN,TINGT1)] +

positive value ofA takes place WheRacetonéXwater €Xceeds 1.5. KTIN[(N; + N, + No)V/(N;INLINDT} (4)

a|n kcal mol.

Discussion In eq 4,es andeg are the energies of solute i-solvent and
i-solvent— j-solvent interactions. The superscript L indicates
the local phase. The first term in the square bracket on the right-
hand side of eq 4 represents sotuselvent interaction, the
second and third terms in brackets represent sotveolivent
interaction in the local and bulk regions, respectively. The fourth
term represents the entropy teridd- and N; are related by
particle number conservation as follows

It is known that the solute interacts with the solvents through
nonspecific and specific modes of solvation interaction, and the
maximum absorption energy depends on the dipolarity and
acidity of the solvent*34 Thus, in a ternary solvent mixture,
the solute will be solvated by the three component solvent
molecules; the relative extent of interaction will, however,
depend on the composition. To describe solvation in a ternary
solvent mixture, we use the following model, which is an
extension of the existing two-phase model of solvation in a . AN=NT=
binary solvent mixture where solvent molecules presumably " ! '
distribute between the local and the bulk pha&deBhe equi- total number of-solvent molecules & 1, 2, 3) (5)
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Figure 2. Curves of constaniA-value for water+ methanol+ acetone (a), methanet acetonet+ benzene (b), and methantl chloroform+

benzene (c)A-values in kcal mol* for iso-A curves (from outermost to i

nnermost) are 4.0, 6.0, 8.0, and 10.0, respectively, for (b) and 4.0, 6.0,

and 8.0, respectively, for (c). For (a), the positive and negatiwalues are shown in the regions & € 1.0, 2.0, and 3.0 from outer to inner) and

N (A = —0.5,—-1.0, and 2.0, respectively). Compositions on the solid

Values ofN;t, Not, andN3- vary with solvent composition. We
assume that the total number of molecules in the local region
(cybotactic zone),Ni- + Nt + N3b) is constant. If we consider
the first layer of solvent molecules as constituting the local
(cybotactic) region, the constancy of the total number of solvent
molecules is valid when the molecules have the same?kize.
With this assumption, the number of independent composition
variables in the expression f@ reduces to two. Thus, taking
N;- andN;! as two independent variables, we get the following
two conditions for equilibrium solvation

KTIn Ky3= KTIN[(N;"No)/(N;NO)] = [es — €] +
[Ny€g; — NlLGllL — Ngeggs + NsL€33L + (NlL - N3L)€31L -
(N7 — Na)egy + Npegp — N2L612L — Nyegzt+ N2L623L +
(611L - 633L)/2 — (€11 — €39/2] (6)

and

KT 1N Ky = KT IN[(N,"No)/(N,NSD] = [eg5 — €51 +
[Nyeqq — NzLezzL — Naepz + NsLezz«;L + (NzL - N3L)€32L -
(N = NgJeg, + Nyeg, — N2L612L — Npegy + N1L631L +
(622L - 633L)/2 — (622~ €39/2] (7)

curve are characterized=hg.

The termKj, defined as [{i-N;)/(NiNiB)] = [(xx)/(xix1)], may
be looked upon as the equilibrium constant for the following
solvent exchange equilibrium.
i+j=i+] (8)

wherei andj represent component solvent molecules in the local
(cybotactic) region, whilé andj represent those in the bulk.
Equations 6 and 7 indicate that the valud<gfis dependent on
solute-solvent interaction and solvensolvent interaction or
solvent nonideality effect (terms in the first and second square
brackets, respectively, in the right-hand side of egs 6 and 7).
Moreover, the solvent nonideality effect is dependent on the
composition of the solvent mixture. When all of thevalues
are equal andj- = ¢, which is equivalent to ideality of the
solvent behavior, the terms in the second square bracket of eqs
6 and 7 vanish. Similar expressions for the equilibrium constant
for the solvent exchange equilibrium have been derived previ-
ously for binary solvatioi! The value ofKj = 1 indicates that
Xt # X, meaning that the composition of the solvent mixture
in the local region is different from that in the bulk.

The maximum transition energy per mok&,3, under these
conditions, may be written &5

9)

Eios= zNi LEi/ZNiL
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In eq 9,3 Nit represents the total number of solvent molecules
in the local region and, for solvent molecules having almost

equal size, may be assumed to be constant. Thus, defining the

local mole fraction ax = NiY/SNit (i = 1, 2, 3), we have
Epps=X"E; + %, E, + X3 E, (10)

The value ofxt is, in general, different from that of. This is
because of differential solutesolvent interaction and solvent

solvent interaction as can be seen from eqs 6 and 7. Equation

10 is an extension of the similar equation applied for binary
solvent mixture-0-14.15.21

To calculate the excess or deficiency of a solvent component
in the cybotactic region over that in the bulk, we proceed as
follows: From egs 2 and 10. we write

A = E,,;— E,fideal)= Z(&L - x)E

Defining a quantityd; = (x- — x), which is a measure of the
excess or deficit of thé-solvent in the local region compared
to that in the bulk, and noting thatd; = 0, we have

11)

A=0y(E, — B)) + 0,(E, — By (12)

The component solvents of the ternary mixture in the present
investigation have been chosen such teat> E, > Es. The
overall sign ofA thus depends on the signsd®fandd,. Note
that, unlike the case of binary solvation, the apparent deviation
from ideality, A = 0, does not necessarily mean the equality of
local and bulk mole fractionsd( = 0). Rather, the local
compositions of all the components differ from that in the bulk
in such a way that the value of the parameies; calculated
according to eq 10 equals the ideal value. To calcudatend

02, we need another equation betwe&nand d,. From the
definition of Ky, it follows thatKiz = [(X1 + d1)xa)/[x1(X2 +

02)], which on rearrangement gives the following equation

(04/%)) = (0K )I% = (Kyp — 1)

Thus, knowledge of the equilibrium constant for solvent
exchange equilibriumki, (or, in generalKj), would lead to
the evaluation of individuab values. Values oKj cannot,
however, be obtained from studies of solvation in a ternary
solvent mixture. In our studies with binary solvent mixtures, it

(13)

has been noted that electron spectroscopic studies provide an

method for the estimation d€;,.1° It has also been found that
K12 values for binary solvent mixtures are smooth functions of
the ratio of the mole fractions of the solvent componexis,.
Figure 3 shows the representative plots indicating composition
dependence df;, for binary mixtures. We have assumed that
the preferential solvation parametéy, (which is a measure of
excess solute properties) obtained in binary solvent mixtures is
transferable to ternary solvation for the same solute. A similar
procedure for explaining excess solvent properties in a ternary
mixture has been reported in the literatéte?! In our present
work, we have assumed that the valu&efin a ternary solvent
mixture depends similarly ory/x; to that observed for binary
solvation of the solute involving solvents 1 and 2. Thus, in our
calculation for a particular ternary solvent compositiaq &,

x3), we have taken the value &f, as obtained from the binary
solvation of the solute for the same/f,) ratio. For example,

the value ofK;, for the solute in the methanol () water (2)
binary mixture at a particulag/x; ratio, as calculated from the
literature datd? has been used for the methanol @ )water

(2) + acetone (3) ternary mixture for the samgx, ratio.

Ray and Bagchi
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Figure 3. Experimental values oK;, as a function ofxi/x, for (a)
methanol (1)+ water (2) and (b) acetone (3 benzene (2) mixed
binary solvents for the indicator solute.

Similarly, data for acetone+ benzen& and methanol+
chloroformi® have been used for evaluatingninus values for
methanoH- acetonet benzene and methan®l chloroform-+
benzene, respectively. Valuesd@fandd, were then calculated
using eqgs 12 and 13. The values have been listed in Tables
1-3.

For methanol (11 acetone (21 benzene (3), the solvent
sign of 01 is positive, while that ofd, or 3 is negative. A
positive value of indicates that the solvent component 1 is in
excess in the local region relative to the average composition.
Thus, methanol is preferred in the local region. This is
intelligible in terms of the high hydrogen bonding ability of
methanol to the phenolate ion in the sol¢t&he positive value
of 0, for the methanol (1 chloroform (2)+ benzene (3)
mixture can be similarly explained. But, in this case, the value
of 9, is positive. The different result obtained when chloroform
replaces acetone in the ternary mixture is not very clearly
understood. It is known that methanol and acetone form 1:1
hydrogen bond#® and this solventsolvent interaction may
modify the preference of acetone (compared to that of chloro-
form) in a mixture containing methanol and benzene. The values
of 0, are negative for the water (#) methanol (2)+ acetone
(3) system, while thed, values are positive, meaning that
ethanol is preferred in the local region of the solute whereas
water molecules are deficient in that region. It can be mentioned
in this context that electronic spectral studies of the dye in binary
methanoH- water mixed solvent indicates preferential solvation
of the dye by methandP This can be rationalized in terms of
self-association of the water molecules in the mixtdr€Values
of o3 for the ternary mixture are positive when the ratigx;
=< 1.5 and negative when the ratio exceeds 1.5. Thus, the signs
of 83 andd; are opposite whers/x; > 1.5, which is tantamount
to saying that acetone is relatively richer than water in the local
region than in the bulk acetorie water mixture in this region.

It is interesting to note that solvation studies of the dye in an
acetonet water binary mixed solvent indicate similar solvation
behavior!®36 Thus, the characteristics of binary solvation are
also retained in the case of ternary solvation of the same solute.

Conclusions

Information regarding the cybotactic zone around a solute in
a ternary solvent mixture can be obtained by monitoring the
electronic CT absorption band of the solute. The local composi-
tion of solvents in the local (cybotactic) region differs from that
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in the bulk and originates from solvergolvent and differential

solute-solvent interactions. A method has been discussed for
the calculation of the excess or deficit of a solvent component

J. Phys. Chem. A, Vol. 109, No. 1, 200547

(14) Suppan, PJ. Chem. Soc., Faraday Trans.1987 83, 495.
(15) Laha, A. K.; Das, P. K.; Bagchi, S. Phys. Chem. 2002 106,

(16) Mancini, P. M. E.; Adam, C.; Perez, A.; Vottero, L. R.Phys.

in the local region relative to the average bulk composition using Org Chem.200q 13, 221.

information obtained from binary solvation of the solute.
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